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Abstract 
Owning to the high heat transfer coefficient and relatively small heat transfer areas, plate evaporator is now 
becoming more dominant in the desalination market. However, literatures on plate evaporator performance for 
seawater desalination are rather limited. Physical and mathematics model for plate evaporator with corrugated plate 
was developed for computational fluid dynamics (CFD) simulation. Two-phase flow and heat transfer characteristics 
in the channel of plate evaporator were analyzed in detail. The effects of different geometric parameters of corrugated 
plate inclination angle on seawater evaporating performance were revealed and discussed. In order to verify the 
simulation results, the experimental correlation for flow performance characteristics of plate evaporator was 
employed to compare with that of CFD results. The results may benefit the design of plate evaporators for multi 
effect distillation seawater desalination. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 Low temperature multi-effect evaporation system is formed a sequence of single effect evaporators 
[1]. Plate evaporator consists of a pack of metal plates pressed together into a frame. Kafi, F.[2] 
constructed a three-effect MED unit using the Plate Easy MED technology which was successfully 
operated. Plate evaporator became popular for single phase flow and heat transfer duties [3-4]. Boiling 
and condensation of some refrigerant in plate evaporator are intensely researched[5]. Reinhard, W [6] 
investigated experimental in the field of heat transfer and pressure drop in a vertical 3-channel system 
with corrugated plates. Longo, G. A[7] measured the experimental heat transfer coefficients and pressure 
drop during HFC-134a and HFC-410A condensation inside a small brazed plate heat exchanger. and 
investigated the effects of refrigerant mass flux, saturation temperature and vapor super-heating. 
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Nomenclature 
D           volume fraction,                                                   qF          external body force, 
qu          velocity of phase q,                                               H         specific enthalpy,   
S          source term                                                           Dh                hydraulic diameter 
This work discusses the characteristics of flow and heat transfer through evaporation process in 
corrugated plate evaporator using CFD method. Primarily the mass flux, vapor quality fraction, and the 
relationship of Nu and Reeq are analyzed which are related to boiling heat transfer. These results can then 
be compared with the experimental data reported in the literature.  
2. Computational models 
2.1. Physical model 
In this work the corrugated shape is simplified as a trapezoidal. Physical model of plate corrugation 
and coordinate system can be seen in Fig.1. A large number of parallelograms as shown in Fig1.(a) are 
contact points in which two corrugated plate contact. The geometrical parameters which characterize a 
chevron plate are: corrugation inclination angle ȕ, corrugation wavelength p, the corrugation depth b. In 
this case ȕ = 30°, p = 8 mm, b = 2.5 mm and plate thickness is 0.5 mm.         
 
2.2. Governing equations 
    In present simulation, the boiling model is applied. The basic Navier-Stokes equations for vapor and 
water phase are given in the following. 
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where ,q liquid gas . D  is volume fraction, 1p qD D  . qu  is the velocity of phase q. qF  is an 
external body force. qH is the specific enthalpy of the 
thq phase. mqHS is a source term. 
 
2.3. Computational methods and boundary conditions 
In the present work, heat transfer of seawater in the three-dimensional computational domain are 
numerical simulated using the CFD code ANSYS FLUENT 14.0. Seawater before into the corrugated 
channels is in the saturated state. The inlet boundary condition was set as velocity inlet, and the outlet was 
set as pressure outlets. Two corrugated walls were modeled as isothermal boundary condition (333.15K). 
Salinity of seawater is 3%. Boiling point rising is considered which is 0.326 K for this case [1].   
                            
E
p
 
                    (a) Flow domain of plate corrugation                       (b) Shape and dimensions of the corrugations 
Fig.1 Physical model of plate corrugation and coordinate system 
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3. Results with discussions 
3.1. The distribution of vapor and seawater quality fraction in corrugate plate channel  
The distribution of vapor and seawater quality fraction in corrugate plate channels was obtained 
when seawater mass flux is 0.05825271kg/s. The distribution of vapor quality fraction on the y = 0 m 
plane is given in Fig2. (a) and (b). The inlet of seawater is at right and the outlet is at left of corrugate 
plate channels. There is the largest water vapor concentration at left of each contact point surrounding. 
However, Water vapor concentration is smaller at right of each contact point surrounding and reached the 
minimum on the z = 0 m plane. Water vapor quality fraction is larger at left-up sideline of each contact 
point on the z = 0.01 m and at left-down sideline of each contact point on the z = - 0.01 m. Because of the 
existence of contact points strong turbulent is formed when seawater flow down.  
Then the distributions of vapor and water quality fraction on the several z planes were studied. In the 
negative x coordinate, as can be seen from in Fig.3,  vapor quality fraction continuously increases while 
seawater quality fraction decreases gradually. This is because seawater temperature keep increasing in the 
negative x coordinate axis, and more seawater become into water vapor.  
The distribution of water vapor quality fraction on the x plane is given in Fig.4. Water vapor quality 
fraction is larger in z =f0.004 m and f0.014 m while it’s smaller in z = 0 m andf0.02 m for all the 
case. Because the center line of contact points is located at z =f0.004 m and f0.004 m plane.   
3.2. Analysis of heat transfer 
An evaporation test using R134a as refrigerant were carried out by Yan[8]. Based on their 
experimental data a heat transfer correlation was proposed. Heat transfer coefficient was obtained by  
   1/3 0.5 0.31.926Re Pr Reeq eqNu Bo
                                                                                 (4) 
The numerical simulation data of seawater boiling in corrugate plate channels are compared with 
predicted values of correlation formula (4) in Fig.5(a) ( ȕ = 30°) and Fig.5(b) ( ȕ = 60°) . For 4000 < Reeq 
< 11000, the local Nusselt number increases with the equivalent Reynolds number for ȕ = 30° and ȕ = 60°. 
Simulated results are consistent with the predicted values of correlation formula (4). 
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(a) Contour map                                      (b)  Iso-line diagram 
Fig.2 The distribution of vapor quality fraction on the y = 0 m plane 
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              (a)  Vapor quality fraction on the z=0.0037m plane               (b) Seawater quality fraction on the z=0.0037m  plane 
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                     (c)  Vapor quality fraction on the z=0.005m plane                    (d) Seawater quality fraction on the z=0.005m plane 
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                              (e) Vapor quality fraction on the z=0.011m plane                 (f) Seawater quality fraction on the z=0.011m plane 
Fig.3. The distribution of vapor and seawater quality fraction on the z = 0.0037 m (a) (b ),0.005m (c) (d), 0.011 m (e) (f) plane.  
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  (a) on x = 0.016m plane                 (b)  on x = 0.018 m plane           (c) on x = 0.01943 m plane            (d) on x = 0.02093 m plane 
Fig.4. The distribution of vapor quality fraction on the x= 0.016 m (a) , 0.018m (b), 0.01943 m (c), 0.02093m (d)  plane 
1338   Su Guoping et al. /  Energy Procedia  61 ( 2014 )  1335 – 1338 
5000 6000 7000 8000 9000 10000
40
60
80
100
120
140
N
u
Reeq
 Yan and Lin
 Simulated results
                           
4000 5000 6000 7000 8000 9000 10000 11000
40
60
80
100
120
140
N
u
Re
eq
 Yan and Lin
 Simulated results
 
(a)   ȕ = 30°                                                       (b)  ȕ = 60° 
Fig.5. The relationship of Nu and Reeq  for ȕ = 30°(a), and for ȕ = 60°  
4. Conclusion 
 (1) In the flow direction water vapor quality fraction continuously increases while seawater quality 
fraction decreases gradually. There is the largest water vapor concentration at left of each contact point 
surrounding. Because of the existence of contact points strong turbulent is formed when seawater flow 
down. (2) For 4000 < Reeq < 11000, the local Nusselt number increases with the equivalent Reynolds 
number for ȕ = 30° and ȕ = 60°. Simulated results are consistent with the predicted values of Yan and Lin 
correlation. The local Nusselt number of ȕ = 60° is larger than the local Nusselt number of ȕ = 30° at the 
same Reeq. 
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